However, the functional importance of many of these tion, as indicated by sensitivity to latrunculin A, whereas microtubules were uninvolved. Endosome/vacuole mointeractions and the mechanisms whereby they couple actin polymerization to endocytic internalization remain tility did not require actin cables or myosin V (a MYO2 gene product), which moves secretory vesicles and the to be established. As endocytic organelles are produced, the actin cyGolgi apparatus and mediates vacuole segregation. However, endosome motility required Las17, a WASp toskeleton can power their movement through the cytoplasm (reviewed in [7] 
Introduction are defective in endomembrane vesicle motility stimulated by phosphatidyl 4-phosphate 5-kinase (PI4P 5-kinase) During endocytosis, the plasma membrane of eukaryoverexpression [29] . However, strong inducing stimuli otic cells invaginates and pinches off to produce vesisuch as PI4P 5-kinase overexpression cause vesicles cles containing extracellular material, plasma memfrom several organelles, especially the Golgi apparatus, brane proteins, and lipids, which can be delivered to to nucleate actin polymerization and become motile [30] . lysosomes for degradation or can be recycled to the Therefore, it remains unclear whether specific members plasma membrane. Endocytosis anisms whereby the actin cytoskeleton drives endo- (Table 1) , similar to the occur aberrantly on vesicles or organelles, we used unspeed of Listeria bacteria moving in infected macrostimulated wild-type yeast cells expressing a well-charphages, which is mediated by Arp2/3-dependent actin acterized endocytic cargo protein tagged with GFP at polymerization [33]. Most endosomes (70%) moved durits C terminus (Ste2-GFP, a G protein-coupled receptor ing the time course ‫1ف(‬ min) of an experiment; those [31] ). Ste2-GFP is expressed at the plasma membrane, that did not appear to move probably were moving along binds its agonist ␣-factor with normal affinity, signals the z axis, which could not be detected in single focal with wild-type efficiency, and undergoes normal ligandplane movies. Individual endosomes usually moved independent and ligand-stimulated endocytosis [31] . As along nonlinear paths ( Figure 1C ) and could move forshown previously [31] , Ste2-GFP localizes to the plasma ward, backward, and make sharp turns. This behavior membrane, endocytic vesicles, and the lysosome-like suggested that endosomes do not make long traverses vacuole ( Figure 1A ). When cells are stimulated by the along microtubules or actin cables that course through agonist for Ste2-GFP, fluorescence labeling of the the cytoplasm. We also noted that endosomes someplasma membrane decreases and fluorescence labeling times disappeared when they encountered the vacuole of endocytic vesicles and the vacuole increases [31] . In (data not shown), but we could not determine whether contrast, GFP-tagged receptors lacking their cytothis was due to movement of endosomes out of the plasmic C-terminal domains (Ste2⌬tail-GFP) are defecplane of focus or to fusion with the vacuole membrane. tive for basal and agonist-induced endocytosis and are However, it was clear that endosomes containing Ste2-GFP ultimately were targeted to the vacuole via traffickthus localized to the plasma membrane and the perinu- that this type of vacuolar movement is mechanistically suggested that these vesicles do not make long tradistinct from that which mediates vacuole inheritance, verses along cytoplasmic actin cables, such directiona process that requires Myo2 [42] . Therefore, because ally erratic motility could occur if endosomes rapidly endosome and vacuole motility was independent of myassociate with and dissociate from actin cables. Alternaosin V activity and actin cables, other actin-dependent tively, endosome motility could be independent of actin mechanisms must be responsible. cables and could instead involve actin polymerization nucleated at the surface of the endosome membrane, pushing endosomes through the cytoplasm.
Endosome Motility Is Dependent on the WASp Homolog Las17 To determine whether actin cables are required for endosome motility, we expressed Ste2-GFP in tropomyIf endosomes utilize Arp2/3-dependent actin polymerization as a propulsion mechanism, endosome motility osin double mutants (tpm2⌬ tpm1-2), which rapidly (Ͻ 2 min) lose cytoplasmic actin cables, but not cortical actin should be disrupted in mutants defective in the Arp2/3 complex. To test this hypothesis, we analyzed deletion patches, following a shift from the permissive (23ЊC) to the nonpermissive (37ЊC) temperature [36] . As a control, mutants that lack the Arc15 or Arc18 subunits of the Arp2/3 complex, and the Arp2 and Arp3 temperaturecells lacking only one of the two redundant tropomyosin genes (tpm2⌬) were used [36] . A shift to 37ЊC or 34.5ЊC sensitive mutants. Cells lacking Arc15 or Arc18 exhibited normal endosome motility (data not shown), which was (data not shown) resulted in the loss of most, but not all, actin cables in the tpm2⌬ control and a complete not surprising since these mutants grow normally and have no known defects in actin cytoskeletal organization loss of all actin cables in the tpm2⌬ tpm1-2 double mutant ( Figure 3A As a further means of determining whether endodata not shown), we could determine whether endosomes that are produced in las17⌬ mutants exhibit imsomes move along cytoplasmic actin cables, we investigated whether endosome motility requires myosin V (a paired motility. Expression of Ste2-GFP in las17⌬ cells resulted in fluorescent labeling of vesicles that were of MYO2 gene product), the only myosin homolog of yeast known to transport cargo along cytoplasmic actin caendocytic origin because they were absent when endocytosis-defective Ste2⌬tail-GFP was expressed (Figure bles 
